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CHAPTER-I 
I N T R O D U C T I O N 
Analytical Chemistry i s basical ly concerned v/ith the 
determination of the chemical composition of matter. So far 
this v/as the main goal of analytical chemists. However, 
ident if icat ion of a substance, the elucidation of i t s struc-
ture and quantitative analysis of i t s conposition are the 
aspects covered by modem analytical chemistry. Analytical 
chemistry consists pr incipal ly of two major divisions-
qualitative analysis, which deals with the problem of what 
i s in a substance, and quantitative analysis , which handles 
the problem of how much of each consti tuent i s present. In 
the l a t t e r case, a h is tory of the sample conposition -^d.11 
generally be known* or else the analyte wil l have performed 
a quali tat ive t e s t with today's instrumentation and with 
large variety of chemical measurements available, specificity 
or sufficient se l ec t iv i ty can often be achieved so that the 
quantitative measurement serves as a quali tative measurement. 
I t would be desirable to discover analytical methods 
that are specific for each element or radical or class of 
compounds. Unfortunately only a few methods are conpletely 
specific, and i t i s therefore frequently necessary to perform 
quantitative separations with the objective of either isolating 
the desired constituent in a measurable form or removing 
interfering substances. 
There are three basic facets of chemical analysis.' 
(1) IDENTIFICATION 
This i n v o l v e s t h e c h a r a c t e r i z a t i o n of the b a s i c 
i d e n t i t y of a con^jound wi thou t which f u r t h e r a n a l y s i s would 
be mean ing l e s s . Th i s a r t i s a l l t h e more i n n o v a t i v e , a s i n 
the a n a l y s i s o f coinplex mixtiores. 
(2) EETERMINATION -
The q u a n t i t a t i v e a s p e c t i s termed a s d e t e r m i n a t i o n . 
Here, t h e amount o f a c o n s t i t u e n t p r e s e n t i n t h e sanple i s 
de te rmined . 
(3) SEPARATION -
S e p a r a t i o n s f i n d i n p o r t a n t a p p l i c a t i o n s i n medicine, 
a g r i c u l t u r e , env i ronmen ta l a n a l y s i s e t c . Sepa ra t i on i s 
b a s i c a l l y a p r e t r e a t m e n t method which u s u a l l y p recedes any 
q u a l i t a t i v e o r q u a n t i t a t i v e a n a l y s i s . P r e t r e a t m e n t of most 
san5)les o b v i a t e s t h e i n t e r f e r e n c e s of o t h e r subs tances . 
S e p a r a t i o n i n v o l v e s bo th c l a s s i c a l and modem t e c h n i q u e s . • 
P r e c i p i t a t i o n and d i s t i l l a t i o n a re bo th e x a n p l e s of the 
c l a s s i c a l methods. Some modem methods of s e p a r a t i o n a r e ; 
1. Chromatography 
2. I o n Exchange 
3. So lven t E x t r a c t i o n 
4 . E l e c t r o p h o r e s i s 
5. D i a l y s i s 
A separa t ion procedure can be used for p u r i f i c a t i o n , 
q u a l i t a t i v e i d e n t i f i c a t i o n or q u a n t i t a t i v e determination 
which are sys temat ica l ly summarized i n Table I . 
Chromatography p lays a very important and s ign i f ican t 
role i n solving a l l such problems. The complicated separa-
t i o n s can be achieved by t h i s method. The chromatography 
i s so f r u i t f u l and common t h a t t h i s method can be applied in 
almost every type of compounds and f i e l d s . The term chroma-
tography i s appl ied to a va r i e ty of method which are s imilar 
to o the r methods, i n many re spec t s , bu t d i f f e r g rea t ly i n the 
p r i n c i p l e s on which they are based. Chromatography i s p r i -
marily a separa t ion process vrtiich i s used for the separation 
of e s s e n t i a l l y molecular mixture. Chromatography depends on 
the r e d i s t r i b u t i o n of the molecules of the mixtxare between 
two or more phases . There are four major kinds of chromato-
graphy: c l a s s i c a l o r adsorption chromatography, f lu id p a r t i t i o n 
chromatography, ion exchange and foam and emulsion chromato-
graphy. A number of methods for c l a s s i f y i n g separat ion proce-
dures have been suggested( 1). The l i s t i n g of multistage 
f r ac t i ona t i on processes i n Table-II i s based on the nature of 
the two phases t h a t are involved. The arrangement i s a rb i t r a ry 
to the extent t h a t the t rue i d e n t i t y of the second phase has 
not been es t ab l i shed unambigviously fo r some of these processes. 
Adsorption Chromatography r e l i e s on the d i s t r i bu t i on of 
the components of the mixture to be separa ted between a bulk 
T a b l e - I 
DIFFERENT METHODS OF SEPARATION 
METHOD PRINCTPLE 
Pre cipi t a t ion 
Dis t i l l a t ion 
Sublimation 
Extraction 
Crysta l l izat ion 
Zone refining 
Difference in solubility-
Difference in vo l a t i l i t y 
Difference in vapour pressure. 
Difference in solubi l i ty in two phases -
Property of solubi l i ty usually a t lower 
temperature. 
Crystal l ization usually at elevated 
temperature. 
CHROMATOGRAPHIC METHODS 
Adsorp t ion column 
Chromatography 




Distribution of solute between 
a solid and l iquid phase in a colimm. 
Distribution of a solute between two 
l iquids on a column. 
Exchange of ions. 
Table - II 
Classification of Multistage Fractionation Procedures 
Phase type Process Name Sanple phase Second phase 
Solidr-liqiJid Adsorption Solut ion 
chromatography 
Thin- layer Solut ion 
chromatography 
lonr-exchange Solut ion 
chromatography 
L i q u i d - l i q u i d Coimtercurrent Solut ion 
ex t r ac t i on 
P a r t i t i o n Solut ion 
chromatography 
Paper Solut ion 
chromato graphy 




pported on a 
^ a s s p l a t e 
Ion exchange res in 
ImmisdhLe solvent 
ImmiscHie solvent 
on so l id matrix 
ImmiacMe solvent 
on paper matrix 
ImmiscihLe solvent 
on fine powder sii-
pported on a 





Frac t iona l 









Solvent held in 
the i n t e r s t i c e s of 
a polymeric sol id 
Condensed l i q u i d 
Solvent held on 
so l id matrix 
Solid adsorbent 
a-phase type appears to depend 
powder. 
tpon the pre t reatment of the 
f l i i i d and an essen'tially noninobilG interface, "that is , vpon 
an adsorptive distribution betvreen a fluid mixture and the 
surface of a solid adsorbent (stationary phase). The mobile 
phase may be a liquid(liquid solid chromatography) or a gas 
(gas-solid chromatography), the conponents distribute between 
the two phases through a combination of sorption and desorption 
processes. Thin-layer chromatography(TLC) i s a special example 
of sorption chromatography in which the stationary phase is a 
plane, in the form of a solid sijpported on an inert plate. 
The stationary phase of partition chromatography is a 
liquid si^jported on an inert solid. Again, the mobile phase 
may be a liquid (liquid-liquid partition chromatography) or a 
gas (gas-liquid chromatography-GLC). Paper chromatography is 
a type of partition chromatography in which the stationary 
phase i s a layer of water adsorbed on a sheet of paper. 
Ion exchange chromatography uses an ion exchange resin 
as the stationary phase. The mechanism of separation is based 
on ion exchange equilibria. An adsorption process is involved 
in ion exchange chromatography also, but here the adsorptive 
is ionic, and adsorption takes place, as a con5)etitive process, 
at fixed charge sites on the " surface" of the exchanger. In 
commercial ion exchangers the ntanber of available sites for 
exchange is relatively large, and the exchanger may be looked 
vpon as a solid polyelectrolyte, which interacts then, upon 
i t s " surface" , with ions in the contiguous phase. Thus the 
distr ibut ion i s a " surface" versus bulk l iquid distribution. 
The difference in behaviour between ion-exchange adsorbents 
and other adsorbents i s not necessarily a sharp one. The 
dis t inct ion i s made chiefly on the basis of the mechanisms of 
the predominating react ions. Further, ion exchange resins 
may react as sorbents for non ionized, and some other, substances. 
The resolution of substances into thei r components and 
subsequent determination can be achieved both by instrumental 
and non-instrumental techniqioes. Now a days these techniques 
are becoming the most advanced techniques in identif icat ion 
and resolution of mixtures. Ion exchange chromatography i s of 
great significance in separation of ions of similar properties 
i . e . systems which are tedious or rather impossible by other 
means. 
Foam and emulsion chromatography, or " fractionation" , 
u t i l i zes a dis t r ibut ion between a solution and a " mobile" 
interface. Bubbles of gas or droplets of l iquid are introduced 
into the solution and r i s e or fa l l through i t , thus providing 
the interface. I t i s " mobile" because i t i s formed between 
two f luids . 
In size exclusion chromatography, solvated molecules 
are separated according to t he i r size by the i r ab i l i ty to 
penetrate a sieve l ike structure (the stationary phase). 
Gas chromatography i s probably the most widely used 
form of chromatography, pa r t i cu la r ly by organic chemists, and 
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i s undoubtedly ranks as one of the roost important new 
ana ly t i ca l techniques since i t s development i n 1952. Very 
complex mixture can be separated by t h i s technique. Gas 
chromatography, because of i t s speed and s e n s i t i v i t y has 
been used much more widely since i t s development than the 
l i q u i d column chromatographic techniqxjes. The l a t t e r t ech-
niques, however, have p o t e n t i a l l y broader use because approxi-
mately 85?6 of a l l known conpounds are not s u f f i c i e n t l y volatile 
or s t ab le to be separated by gas chromatography. Separation 
times are f requent ly on the order of h r s and the co l l ec ted 
f rac t ions must usua l ly be analyzed separa te ly , adding more hrs 
to the a n a l y s i s . ^ 
The wealth of chromatographic theory accxjmulated i n 
recent years , has l e d to the development of techniques and 
equipment for high performance l i q u i d chroma to graphy(HPLC) 
tha t allows separa t ions and measiirements to be made i n a matter 
of minutes. 
The e l e c t r o p h o r e s i s methods are p a r t i c u l a r l y useful in 
the study of l a rge toslecules under the inf luence of an e l e c t r i c 
f i e ld . E lec t rophore t i c mobil i ty of the molecules forms the 
bas is of t h e i r i d e n t i f i c a t i o n and separa t ion of high and low 
molecular weight compoxmds. The ana lys i s of complex p ro t e in 
mixtures i s a p r a c t i c a l p o s s i b i l i t y , rendering i t a potent 
reseairch tool i n many area of b io logica l and bio-medical research. 
Ion exchange i s one of the most v e r s a t i l e techniques 
of separa t ion science. I t i s a t present , an standard analy-
t i c a l too l and i s widely used i n inorganic , organic and b io-
chemical separa t ions . I t o f fe rs many advantages over the 
c l a s s i c a l methods of separa t ion . This technique can be applied 
to both micro as well as macro l e v e l s and may serve even for 
the rou t ine ana lys i s . I t demands l e s s s k i l l and judgement 
from the ana lys t than many o ther methods. Furthermore, a 
shor te r time i s needed and the conponents can subsequently be 
determined by rapid ins t rumenta l or t i t r i m e t r i c methods. I t 
i s of g rea t s ignif icance v^en one i s concerned with the 
separa t ion of ions of s imi l a r p rope r t i e s or the systems which 
are troublesome or impossible to analyze by o the r methods. 
In l a b o r a t o r i e s ion exchangers are being used as an 
important too l to solve new problems t h a t are placed by oiir 
i n d u s t r i a l i s t s and s c i e n t i s t s . All over the world numerous 
p l an t s are i n operat ion for developing the separa t ion of various 
mixtures of inorganic , organic and biochemical i n t e r e s t . Nearly 
1A0 yrs ago an English landowner K. S. Thomas engaged an york 
analys t named Spence to inves t iga t e the l o s s of ammonia from 
manure heaps. He discovered a technique f ami l i a r to many of us 
for t r e a t i n g water by process such as " Softening" and high 
p u r i t y condensate po l i sh i ng . 
This discovery of calcium displacement by ammonia using 
a na tu ra l ion-exchanger so i l was the beginning of the technology. 
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Ca'^^(Soil) + (NH^)^SO^- ^ NHj(Soil) + CaSO^ 
Spence reported h i s d i scover ies to the Royal AgriciiLtural 
Soc ie ty(2) . These v/ere fu r the r confirmed by another agriciiL-
t u r a l chemist. G. T. V/ay( 3)» who described t h i s new phenomenon 
as " base exchange" . The base exchange i n s o i l s was found to 
be r eve r s ib le and s to ich iomet r ic . I t was. way who included the 
f i r s t synthe t ic a luminos i l ica te ion-exchanger. He l a i d dov/n 
the foundation of modem ion exchange theory and technology 
with remarkable completness. However i t was 50 years l a t e r , 
i n 1905, t h a t Gans(4) i n Germany softened water on an indus t r ia l 
scale using a na tura l or synthe t ic alumino s i l i c a t e material 
ca l l ed Zeo l i t e . The Gans p a t e n t s were used un ive r sa l ly during 
the next 30 years. 
In 193^ two nev/ types of mate r ia l s were invented. The 
f i r s t was a sulphonated coal developed i n Germany and the 
second was a phenol-formaldehyde invented by the two English 
Chemists, Adams and Holmes(5) a t the na t iona l phys ica l labora-
t o r i e s i n England, The v i r t u a l l y simultaneous development of 
r e l a t i v e l y s table syn the t i c cat ion and anion exchangers made 
the demineral isa t ion process poss ib le . This has since became 
the most used and important appl ica t ion of ion exchange. 
A spectacular evolu t ion began i n 1935 with the discovery 
by the Adams and Holmes, t h a t crushed phonograph records exhibit 
ion^exchange p r o p e r t i e s . The commercial product ion and improve-
ment of synthet ic r e s in by Holms and Farbenindus t r ie soon followed. 
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The mater ia l produced by Adams and Holmes, though r e l a t i v e l y 
unstable by today ' s s tandards , found considerable i n d u s t r i a l 
app l i ca t ions . There followed the separate D' Alelio and Mc 
Bumey(6) invent ions of sulphonated c ross l inked polystyrene 
cat ion exchangers and the corresponding aminated polymeric 
anion exchangers. Thus very h ighly s t a b l e , crossl inked polymers 
were used for the p a s t 45 years . A l i m i t e d number of ac ry l i c 
based r e s i n s are used for spec i f i c a p p l i c a t i o n s . 
Ion exchangers are inso lub le s o l i d mater ia l s which carry 
exchangeable ca t ions or anions . These ions can be exchanged 
for a s to ich iomet r i ca l ly equiva len t amount of other ions of the 
same sign when the ion exchanger i s i n contact with an e l e c t r o -
l y t e so lu t ion . Carr ie rs of exchangeable ca t ions are ca l led 
ca t ion exchanger, and c a r r i e r s of exchangeable anions, anion 
exchangers. Certain ma te r i a l s are capable of both cat ion and 
anion exchange. These are ca l l ed anrohoteric ion exchangers. A 
typ ica l cat ion exchange i s , 
2NaX + Caa2(aq) V CaX2 + 2NaCl(aq)( 1-1) 
and a t yp ica l anion exchange i s , 
2XC1 + Na2S0^(aq) ^ X^SO^ + 2NaCl(aq)(l-2) 
X represen t s a s t r u c t u r a l uni tof the ion exchanger, so l id 
phases ( res in phases) are underlined* aq. i n d i c a t e s t h a t the 
e l e c t r o l y t e i s i n aqueous so lu t ion . 
The process (1-1) occurs , for example, i n water softening 
by ion exchange. 
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The fundamental p r i n c i p l e of a l l ion exchange processes 
are based on following: 
( i ) Stoichiometr ic exchange of ions . 
( i i ) S e l e c t i v i t y preference of the exchanger for one 
ion r e l a t i v e to another inc luding cases i n which 
d i f f e r en t a f f i n i t i e s of the ions are modified by 
the use of complexing or che la t ing agents . 
(iii) D i f fe ren t i a l migration of absorbed substances down 
the column. 
( iv ) Miscellaneous: Swelling- surface area and o ther 
mechanical p r o p e r t i e s . 
Ion exchangers are po lye l ec t ro ly t e of high moleculai-
weight. One speaks of a ca t ion or anion exchanger, depending 
whether the framework of exchanger i s an acid or base. The 
macromolecule of the ion exchanger as i n general a three dimen-
s iona l , c ross l inked struct iore, the matrix. A la rge niimber of 
ion izable groins i s a t tached to i t , usual ly re fe r red to as 
' func t iona l groi^Ds'. The exchangeable ions are ca l led counter 
ions. Ion exchangers can be polyfunct ional , i . e . , they contain 
various types of funct ional groips» or mo no funct ional , ^;d.th 
only one type. The spaces surrounding theframework of ion 
exchanger are termed pores . The a c i d i t y or b a s i c i t y of the 
exchanger i s determined by the nature of functional group. The 
s t rongly ac id ic syn the t i c r e s in may posses the SOZ functional 
groi^ D^ the v/eakly acid-Coo~# the s t rongly b a s i c - N(CH,)„» and 
v/e akl y ba s i c- NH - . 
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Ion exchange i s considered as a r eve r s ib l e process in 
which ca t ions or anions are exchanged s to ich iomet r i ca l ly 
between the ion exchanger and so lu t ion phases , when they are 
placed i n close contact with each othec When an ion exchanger 
i n counter ion A form i s p laced i n a so lu t ion of another counter 
ion B then the ion exchange process may be v/r i t ten as 
I* + B-*- ^ B-" + A^ 
<; 
where the barred q u a n t i t i t e s r e f e r to the exchanger phase and 
unbarred to the solut ion phase . Since the reac t ion reaches 
the equil ibrium p o s i t i o n , an equi l ibr ium expression in terms 
of concentrat ions can be w r i t t e n as 
Kf = 
where the square brackets a re fo r equi l ibr ium concentrat ions. 
Ion exchange capac i ty i s one of the most fundamental 
charac te r iza t ion of any ion exchange mate r i a l . For a strong 
ion exchanger, the capaci ty can r ead i ly be determined by d i rec t 
t i t r a t i o n , various types of capac i t i e s can be expressed in 
d i f f e ren t manners. Majority of the syn the t i c inorganic ion 
exchangers behave as a weak ionr-exchanger and therefore the 
d i r e c t t i t r a t i o n i s not r e l i a b l e . In t h i s case ion exchange 
capaci ty i s determined by replacement of hydrogen ions from 
the exchanger phase by the counter ions of a neu t ra l s a l t 
solut ion and equil ibrium ion exchange capac i ty i s determined 
by pH t i t r a t i o n s . The ion exchange mater ia l must be studied 
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for chemical s t a b i l i t y i n ac id ic and basic media to check i t s 
l i r i i i t a t ions . 
The discovery of ion exchange r e s i n s with three dimen-
sional network obtained by polymerization of organic monomers 
has r e s u l t e d a break through in separa t ion Science. The poly-
meric ion exchange r e s i n s which are commercially avai lable 
based mainly on c ross - l inked polymeric coii^pounds. A l i s t of 
commercial ion exchange r e s i n s i s given i n Table I I I . The use 
of weak ac id ca t ion exchange res in for the removal of permanent 
hardness and invers ion of sugar with ca t ion exchange r e s in are 
p e r t i n e n t exanples . 
The i n t e r e s t i n g discovery l ed the inven tors to the 
synthesis of organic ion exchange r e s in s which had much be t t e r 
p r o p e r t i e s . These r e s i n s were s table towards ac ids and easy 
to handle. The s t ruc tu re can be varied as des i red , therefore , 
the diff icxol t ies observed with zeo l i t e and c lays were removed 
by in t roduc t ion of r e s i n s . 
Phenol ic r e s i n s have been used for a number of ana ly t ica l 
app l i ca t i ons , but the more modem s tyrene- di vinyl benzene resins 
are for several reasons mo3?e a t t r a c t i v e to the ana ly t i ca l 
chemist. These r e s i n s are produced by sul fonat ion of aco-poLymer 
of s tyrene with di vinyl benzene. In t h i s copolymer the d iv inyl -
benzene forms c ross - l inkages between the chains of polyroerized 
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F ig . 1 Chemical S t r u c t u r e of a s t y r e n e - d l v i n v l b e n z e n e r e s i n . 
Since then these o r g a n i c i o n exchangers have been used both 
i n l a b o r a t o r i e s and i n d u s t r i e s f o r s e p a r a t i o n s , r e c o v e r i e s of 
m e t a l s , d e i o n i z a t i o n of wa t e r , c o n c e n t r a t i o n of e l e c t r o l y t e s 
and e l u c i d a t i n g t h e mechanism of a g r e a t many r e a c t i o n s ( 7 ) . 
The a p p l i c a t i o n of t h e s e ion-exchange r e s i n s p r o g r e s s e d so 
r a p i d l y t h a t the t h e o r y l a g g e d behind and c o u l d no t follow 
t h e exper imen t s . 
The a p p l i c a t i o n s of o rgan i c i o n e x c h a n g e r s are a lso 
l i m i t e d under c e r t a i n c o n d i t i o n s i . e . t h e y a r e xonstable i n 
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the ionizing radiat ions . Thus organic and inorganic ion 
exchanger can be used complementary to each other. There 
has "been a revived in te res t in inorganic ion exchangers in 
recent decades, as they are lonaffected by ionizing radiations 
and are also in-sens i t ive to higher temperatures. The struc-
tures of these inorganic ion exchangers, i s s t i f f , therefore 
they are more select ive and suitable for the separation of 
ions on the basis of the i r different s izes. They can be used 
advantageously in reactor technology. 
The se l ec t iv i ty of inorganic ion exchangers have been 
ut i l ized for the preparation of ion selective electrodes(8). 
The ion select ive electrodes have now become an in^jortant tool 
for solving various analytical problemsCS-H). 
The different types of ion exchange materials are summa-
rized in the following broad groins! 
1. Clay minerals 
2. Zeoli tes 
3. Heteropoly acid s a l t s , and 
4. Hydrous oxide and insoluble sa l t s 
Literature data on a new series of synthetic inorganic 
ion exchangers has been conroiled by Ionescu(12) considering 
in th i s study the s a l t s of heterxjpolyacids, the oxides and 
hydroxides of poljrvalent metalsand some par t icu la r conipounds 
such as polyphosphates, ferrocyanomolybdates and mixed ferro-
cyanides of l i g h t and heavy metals. Inorganic ion exchangers 
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find applications in the analysis of alloy(13,14) and 
s i l i ca te rocks(l4,15) separation of metal from drugs(l6,17) 
and in the detection of iron and molybdenumC 18,19). 
The inorganic ion exchangers have found numerous other 
important analyt ical applications as categorized below*. 
1. Water pollution control. 
2. Separation of one ion from the other on a small 
ion exchanger. 
(a) Removal of interfering ions. 
(b) Poss ib i l i ty of groi?) separation. 
(c) Purif icat ion of san^jles. 
3. Ion exchange paper chromatographic separation. 
4. Electrophoresis. 
5. Ion exchange for gas chromatography 
6. Solid s ta te separations. 
7. Specific spot t es t . 
8. Use of ion exchange beads to locate the end point 
in t i t r a t i o n . 
9. Use of ion selective electrode. 
10. Preparation of standard solutions. 
11. Formation constants of complexes can be determined. 
12. Inorganic ion exchangers can be used as acid and 
base catalysts . 
The water pollution i s increasing day by day. However, 
the methods based on ion exchange are becoming of promising 
success v;hen applied to this f ie ld . 
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P u r i f i c a t i o n on a l a rge scale can be made by passing 
the sample so lu t ion through the ion-exchanger beds v/hich take 
up c e r t a in mate r ia l s i n preference over o the r s . The exchanger 
bed can be regenerated in to a sxjitable form by conventional 
methods(20). 
Ion exchange has resolved the most d i f f i c u l t problem 
in chemical ana lys i s . Column chromatography i s valuable, since 
the substance separated are c o l l e c t e d quan t i t a t ive ly . Ion 
exchangers can separate the micro (<1-mg quan t i t i e s ) as well 
as the macro (>1-g qioantit ies) samples. Because of the macro 
app l ica t ion , ion exchangers can a lso be used on indus t r i a l 
sca le . Ion exchange chromatography has been used to solve 
e a r l i e r apparent ly unsolvable problems such as separations of 
rare earthsC21-27) for the i s o l a t i o n and i den t i f i c a t i on of the 
new transuranium elements(28-33) and has even been used for 
enrichment of i so tope s( 34-40), organic substances such as amino 
acids(40-48) , pept ides(49, 5 0 ) , p r o t e i n s ( 5 l ) , nucleic acids(52), 
alcohol(53,54), g lycol(55,56) , carbonyl compounds(43,53,57,58) 
carbohydrates and der iva t ives( 59-62), e thers ( 58-63), amines 
(64-66), hydro car bons( 58-67) and phenols (58-68) have also been 
separated on ion exchange columns. As far as p rac t i ca l 
app l ica t ions are concerned, organic r e s i n s , are by far the 
most important ion exchangers. The more recent appl icat ion of 
ion exchange r e s in includes the c o l l e c t i o n of Selenium(IV)(69) 
ppb leve l of alu:r:inium(70) p reconcen t ra t ion of coba l t (7 l ) . 
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Ion exchange have been used v/ith success in food 
industry. The ion processing of wine i s commonly practised 
by large manufacturers in the U.S.A. No application of ion 
exchangers would be conplete without reference to the use of 
ion exchangers as car r ie rs for plant nutr ients . Some other 
applications of ion exchangers are as follows: 
1. Separation of similar ions from one another. 
2. Removal of in ter fer ing radicals. 
3. Softening of hard water. 
4. Complete demineralisation of water. 
5. Puri f icat ion of organic compounds extracted in 
water. 
Because of the pa r t i cu la r se lec t iv i ty forces of 
material, separation with ion exchange i s used mostly in 
inorganic chemistry. Organic ions which form sa l t s with the 
oppositely charged ions in another phase can be separated too. 
Almost a l l ion exchange reactions require aqueous solvents. 
Separation of inorganic mixtures to a more or less 
extent are based on one of the three different pr inciples . 
( i ) At low concentration the extent of exchanger i s 
d i rec t ly proportional to the valency of the 
exchanging ion. 
( i i ) At constant valence the extent of exchange i s 
d i rec t ly proportional to the atomic number at 
low concentration. 
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( i i i ) The extent of exchange highly depend troon the 
formation of coinplexes. 
Dis t r ibu t ion c o e f f i c i e n t (Kd) may he determined to 
ca lcula te the separat ion f ac to r which may be regarded as a 
measure of poss ib le separation* 
Kd = 
Amount of ion(A) p r e sen t i n exchanger phase g 
Amount of ion(A) p r e sen t i n so lu t ion phase ml 
The general use of d i s t r i b u t i o n coef f ic ien t i s made 
in e lu t ion techniques used i n separa t ion . The ra te a t which 
ions move i n ion-exchange chromatography i s proport ional to 
t h e i r d i s t r i b u t i o n coe f f i c i en t . I t i s also poss ib le to 
separate a t race quan t i ty of a metal from a macro amount of 
another metal ion. 
In addi t ion to the ma te r i a l s mentioned so far, a 
number of o ther types of exchangers have been developed, for 
example, the e l ec t ron and redox ion exchangers. The electron 
ion exchanger may be considered as so l id oxid iz ing and 
reducing agents . The most important advantage of these 
mater ia ls over dissolved ox id iz ing(o r reducing) agents i s 
t h e i r i n s o l u b i l i t y . The Redox ion exchangers are conventional 
ion exchangers which conta in r e v e r s i b l e redox coiples . The 
redox coiples are introduced i n the exchanger as counter ions. 
Detection i s probably more important than separation 
or determination, therefore i t usual ly precedes them. There 
are a number of procedures used for the detec t ion of orsanic 
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substances, some of the more important of these are* 
( i ) Instrumental techniques (72-78) . 
( i i ) Chromatographic Methods (79) . 
( i i i ) Ion-exchange Methods (80,81) 
( iv) Spot t e s t i n g (82) 
The instrumental techniques are the most sophis t i -
cated and provide the maximum information about the subs-
tance under study. UV and IR spectroscopy can be used to 
de tec t substances v/hich are otherwise d i f f i c u l t to ident i fy. 
In Infrared absorpt ion spectroscopy i t i s observed tha t a l l 
chemical compounds shows marked se l ec t ive absorpt ion in the 
in f ra red reg ion . I t i s widely used for the i d e n t i f i c a t i o n 
of organic compoimds. This i s because of the f ac t tha t 
spectra of organic conpounds are genera l ly complex and provide 
numerous maxima and minima t h a t can be eii?)loyed for comparision 
purposes. The in f ra red absorption spectrum of an organic 
compound represents one of i t s t r u e l y unique phys ica l property 
and serves as f inger p r i n t s . IR spectroscopy has been employed 
for q u a l i t a t i v e and quan t i t a t i ve ana lys i s , but the quant i ta t ive 
app l i ca t ions are of l e s s s ignif icance t h a t the qua l i t a t ive ones. 
IR spectrum p r e d i c t s the presence of water molecules, -OH groims 
and metal oxygen bonds. NMR i s a useful method for detection 
of organic funct ional groi^js and r ecen t ly i t has been used for 
the determination of sucrose (83) . Photocous t ic spectroscopy 
(84) i s also important method for the so lu t ion of analyt ical 
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problems. X-ray ana lys i s confirms whether the material i s 
amorphous or c r y s t a l l i n e . The therraogravimetric and differen-
t i a l thermal ana ly s i s are important techniques t h a t record 
changes in the chemical composition of the mater ia l a t d i f ferent 
tenjperatures. These techniques provide a g rea t help in e s t a -
bl ishing the s t r uc tu r e and thermal s t a b i l i t y of the ion 
exchangers. 
The main drawbacks of the instrumental methods are the 
high cost of the instrument and the exper t i se needed to handle 
them. Moreover the instruments cannot be used where f ie ld 
detect ion i s requi red . 
The chromatographic methods are being used more and 
more to solve the problems of de tec t ion . The property of 
i n t e r e s t i n such cases i s the R^ value of a substance under 
specified cond i t ions . Even though the R^ provides a sinple 
method for the detectiaicf a substance. Yet, chromatography i s 
usually employed to separate and then to iden t i fy the 
components of a mixture. 
Ion exchange method i s the simplest approach for the 
detect ion of organic funct ional groups. These methods are 
f a s t , simple, inexpensive and s e l e c t i v e . A few examples wil l 
i l l u s t r a t e the e f f i c iency of the ion-exchange methods. 
Ion exchange t e s t for microgram detec t ion of amides 
and imides i s based on c a t a l y t i c hydrolys is i n the presence of 
24 
cation exchange resin in the H / - form. The products of 
hydrxDlysis are the corresponding acids and ammonia. A 
study of interferences was also done and i t was found 
that microgram detection of amide and imide was possible 
in the presence of a large amount of organic compounds. 
Feigl(85) developed a few t e s t s for the detection of amides, 
imides and an i l ides . Esters as a class are d i f f icul t to 
detect by c lass ica l methods owing to the fact that there i s 
no functional groxip in th is class which can be easily 
detected. In carboxylic acids the hydrogen ion can lead to 
the detection of these substances. In the case of ketones 
on the other hand the carbonyl groi^ i s react ive. Qxoreshi 
et . a l . (86) have developed a simple t e s t in which the ester 
i s shaken with the cation exchange resin beads in the 
hydrogen form. 
Ion exchange resins are eff icient ca ta lys ts . They 
can bring about hydrolysis under re la t ive ly mild conditions 
without the introduction of any new ions. Thus i t was found 
that they can be used successfully forthe detection of esters . 
They should, therefore, prove advantageous in a l l those reac-
tions where hydrolysis i s performed* pr ior to detection. At 
the same time ion exchange resin beads serve as excellent 
reaction media as demonstrated by Fuoimoto(87) for metal ions. 
He called t h i s procedure as a resin spot t e s t . Ion exchange 
resin not only affect the hydrolysis of organic tes t compounds 
but they also serve as a reaction media for detection. In this 
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way the t e s t becomes very compact, easy to perform, fast 
and select ive. 
No account of detection methods can be complete 
without a reference to spot t e s t s . Their importance in 
qual i tat ive analysis i s due to the untir ing efforts of Feigl 
who has pioneered the technique and published a number of 
books(88,8S) which deals with various aspects of the subject. 
Spot t e s t i s based on the intense colouration produced on the 
surface of l i g h t colored ion exchange resin by taking the ions 
having character is t ic color from the reaction medium. These 
t e s t s have follo%ving advantages: 
( i ) Spot t e s t s require a very small quantity for 
analysis and need in-esqaensive equipment. 
( i i ) They are more sensitive because the colored 
ionic specie i s concentrated on the resin surface, 
( i i i ) The t e s t are more selective by using masking 
agent or by a proper selection of the conditions 
for analysis. Thus ions having a charge opposite 
to that ionic species adsorbed by the resin usually 
do not interfere , 
(iv) The coloration i s often more stable in the resin 
phase that in aqueous phase and sometimes becomes 
progressively more intense on standing. 
(v) I t require very l i t t l e t ra ining on the part of 
the investigator. 
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V/hen ion-exchange r e s i n beads are used as media for 
s p o t - t e s t s , the t e s t becomes very elegant . The res in beads 
can also help in the e l u c i d a t i o n of react ion mechanism. 
Resin spot technique has been widely used for the 
detect ion of inorganic ions by using color r e a c t i o n already 
known(90-92). Some t e s t s have been described for the detec-
t ion of phenols, a l i p h a t i c amines, primary aromatic amines, 
aldehyde and subs t i t u t ed hydrazines(93,9^) . All these t e s t s 
are r e s in spot modificat ion of already knovm color react ion. 
Chelating ion exchangers show a de f in i t e s e l e c t i v i t y 
towards ce r t a in ions or groups of ions . Thus the chelat ing 
ion exchangers may provide a convenient technique for the 
ana ly t i ca l concentra t ions of many of the more i n t e r e s t i n g t race 
elements from na tu ra l waters and co l l ec t ion of tox ic elements 
from i n d u s t r i a l v/aste waters . The s e l e c t i v i t y most complexing 
agents res ides predominantly i n t h e i r a b i l i t y to form chelates 
with ce r t a in ca t ions . The maximum eff ic iency i n the separation 
can be achieved by v a r i a t i o n of the pH. Therefore the develop-
ments of complexing ion exchangers have taken p l ace . 
The Intake of metal ions i n preference to o thers by an 
ion exchanger i s ca l l ed s e l e c t i v i t y . The s e l e c t i v i t y depends 
vpon the charge on the metal i o n s , the ionic r a d i i of metal 
ions , the formation of inso lub le substances with the exchanger 
and on the complex formation. The s e l e c t i v i t y reveals the 
p o s s i b i l i t y for the separa t ions of d i f fe ren t metal ion from one 
another. 
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Besides o ther f ac to r s , solvent p lay an important 
ro le on the adsorption behaviour of metal ions on ion 
exchangers. The ion exchange behaviour of almost a l l metal 
ions in aqueous mineral acids of d i f f e ren t concentrat ions 
have been s tudied extensively . Solvents o the r than mineral 
ac ids , have also been used as e luen t s . They are selected 
on the bas i s of t h e i r i n t e r a c t i o n with the metal ions under 
cons idera t ion . Ethylenediamine tetraacetate(SDTA) i s found 
to form complexes with most of the metal i o n s . An anion 
exchange r e s i n containing EDTA ions can be u t i l i z e d for sepa-
r a t i o n of a l k a l i metal ions from a lka l ine e a r t h metals. The 
a lka l ine e a r t h metals form s t ab l e cocplexes with BETA above 
pH 7 and hence they are adsorbed while a l k a l i metals do not 
form complexes v/ith EDTA and pass through the column. Similarly 
a l k a l i and a lka l ine ea r ths can be separated from multivalent 
ions using anion exchange r e s i n s containing c i t r a t e ion. 
The presen t study was therefore undertaken to charac-
t e r i z e and to explore the p o t e n t i a l i t y of che la te ion exchange 
r e s i n for the detect ion and senara t ion of metal ions . 
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CHAPTER ~ I I 
" Detection of Cations and Anions and Select ive 
Separation of Mercxjry from other metal ions 
on Bromophenol blue loaded Resin" 
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INTRO lUCTION 
Ion exchange mater ia l s occur i n a de f in i t e form, termed 
for example, H*- form, Na"*"- form Cl~- form or NOZ- form. 
Their grain s ize are quoted i n nm, or in English speaking(U.K., 
U.S.A. e t c . ) a reas , as mesh numbers (s tandard sieve s i z e s ) . 
Their voliane depends on the medium, meaning tha t change of 
medium i s accompanied by a de f in i t e imbition. Exchangers with 
chelate forming groi:5)s are knovm as chelate ion-exchangers. 
Organic r e s in s have a t t r a c t e d a t t en t ion because of t h e i r 
v e r s a t i l i t y in separat ion science and in many o the r f i e ld s of 
diverse na tu re . 
Determination of a p a r t i c u l a r metal ion i n many ins tances 
e .g. in complex mixture such as o r e s , minerals , environmental 
examples, biochemical samples, t i s s u e s and blood serum e t c . i s 
a tedious and d i f f i c u l t problem because of in te r fe rence of 
o ther components. Detection of anions in the sample i s often 
e s sen t i a l to charac ter ize the p rope r t i e s and nature of the 
sample. Therefore, i t i s always of i n t e r e s t to develop separa-
t ion methods which may be conveniently applied to solve problems 
of specif ic na tu re . I t i s a lso important to inves t iga t e sens i -
t ive and se l ec t ive methods which can be used fo r detect ion and 
determination of species in the complex sample without i s o l a t i n g 
the component of i n t e r e s t in the pure s t a t e . 
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Ion exchanger can be s e l e c t i v e and function spec i f i ca l ly . 
The r e s in spot t e s t s developed by Fujimoto(1) has several 
advantages. Spot t e s t i s an e legan t rapid and sens i t ive tech-
niqtie of ana lys i s and needs inexpensive equipm .ntsC2,3). The 
res in beads adsorb rietal ion and give the c h a r a c t e r i s t i c colour 
of the complex. I t i s poss ib l e to de tec t even t r aces because 
of small surface area of the beads. The r e s i n s sorbed with 
d i f ferent che la t ing agents may show marked s e l e c t i v i t y towards 
a p a r t i c u l a r metal ion . I t i s for t h i s reason e f fo r t s have 
heen made to develop new chela te form of exchange r e s ins and to 
f.lnd t h e i r s p e c i f i c i t y for the de tec t ion , determination and 
separat ion of metal ions as well as anions. Aromatic complex-
ing agents(4) have already shoy^ ana ly t i ca l competence and are 
pai*ticularly useful fo r the separa t ion of metal ions on anion 
exchange r e s in (5 -10 ) . Bromophenol blue(BPB) has been chosen 
because of i t s high complex forming tendency with metal ions . 
Bronophenol blue i s ac tua l ly 3 ' , 3 " , 5 ' , 5" Tetrabromophenol 
su fonphthalein. The s t ruc tu r e of bromophenol blue i s as fdilows 
Fig .2 STRUCTURE 0? BROMOPHENOL BLUE 
i fo l loving pages descr ibe the f indings i n t i i is 




Acetic ac id , Sodium a c e t a t e , Ammonia so lu t ion , sodium -
hydroxide. Hydrochloric ac id from BEH were used. EDTA(S. D. 
Fine Chem.), Bromophenol b lue , Bromothymol blue and other 
chemicals were of a n a l y t i c a l grade. Amberlite IRA-400 res in Cl-
form . from BDH England was used. 
TEST SOLUTIONS 
0.1M solxition of NaOH, 2M and 0.1M so lu t ion of HCl, 
0.1M, 0.24 and 1M solu t ion of CH,COOH and 0.2M solution of 
CH,C0ONa and 0.01M so lu t ion of EDTA were prepared i n deminera-
l i zed water, 156 so lu t ion of EBT and Pan( 1-(2-pyridylazo)2-
napthol) were prepared i n absolute ethanol and 0.1M aqueous 
solut ion of metal i ons and anions were prepared. 
APPARATDS 
A Bausch and Lomb Spectronic-20 spectrophotometer, 
Elico pH meter model L1-10, Flamephotometer model CL-22A were 
used for spectropho tome t r i e , pH measurements and flame pboto-
- metric determinations r e spec t ive ly . 
PROCEIURE -
Preparation of modified form of r e s i n 
The r e s i n was converted to d i f f e ren t chela te forms by 
t r ea t i ng \\rith reagent so lu t ions of i n t e r e s t for 24 hrs . with 
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intermittent shaking at room temperature. The supernatant 
l iquid -was removed and the resin was -washed several times 
with demineralized water by the process of decanation untQl ihe espess 
reagent i s completely removed. The resin beads were f inal ly 
dried in an oven at 60+2"C. 
DETECTION OF CATIONS 
A few resin beads of modified Amberlite IRA-AOO were 
placed on a spot p la te . One drop of metal ion solution was 
then added and mixed thorou^ily with the help of a glass rod. 
Tla3 colour of the beads observed i n each case i s shown in 
Table 1-6. 
n:T::cTioN OF ANIONS 
A few resin beads of modified Amberlite IRA-400 were 
transferred on a spot p la te . Add 1-2 drops of anion solution 
followed by a drop of e i ther 0.1M NaOH or 0.1M HCl to provide 
the alkaline or acidic medium on the t ip of a glass rod. 
Observations are given in Tables 8-9 . 
?73oaratlon of Bromophenol blue sorbed resin 
To obtain the modified res in, Amberlite IRA-AOO in Cl~ 
form was t r e a t e d with 1000 ppm solution of bromophenol blue 
(E?3) for 24 h r s a t pK-4. 3- The, r e s in was then washed several 
times with d in ine r a l i c ed water, u n t i l the svrp.ematant l i q u i d 
free from excess reagent . The modified ras in was dried i n an 
oven at 60j^ _-2*C. Host of the s tud i e s r£pox*tad i n 'this D-aper have 
been done using t h i s ma te r i a l . 
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Determination of Adsorption Iso"therm of Bromophenol blue 
a t a fixed pH on Amberlite IRA-400 -
Sorption of Bromophenol blue was s tudied under 
s t a t i c condit ion 0.25 gm of Amberlite IRA-400 res in in CL~ 
form was eq td l i b r a t ed with 40 ml of bromophenol blue solution 
of d i f ferent concentrat ions such as 20, AO, 60, 80, 100 ppm 
for 24 hrs-keeping a constant pH~4. 3 in each case a t room 
temperature. The equilibrium concenti?ation of dye in the 
solut ion was determined spect rophotometr ica l ly a t 570 nm. 
Figure-3 shows the Adsorption isotherm of BPB. 
Tatermination of Distr^'.butlon Coeff ic ient (Kd^values) 
of Metal ions -
0.4 gm of modified Amberlite IRA-400 r e s in was loaded 
>.ith 40 ml of metal ion so lu t ion . The mixture was shaken 
in t e rmi t t en t ly while kept for 24 h r s . The amount of metal 
ion in the so lu t ion before and a f t e r the equil ibr ium was deter-
mined t i t r i m e t r i c a l l y using 0.01M EHTA so lu t ion as t i t r a n t . 
Kd values were ca lcu la ted as fol lows: 
Amount of meta l . ion i n t h e r e s i n phase/ 
T^ ^ ^ _gta of exchange mater ia l 
Amount of metal ion in the aqueous phase/ 
ml of so lu t ion 
( I - F) 40 
= - ^ — - ^ 0 . 4 
Kd = -^  ~ -^  X 100 
AO 
where I denotes i n i t i a l volume of EDTA consumed by the o r ig ina l 
so lu t ion of metal ion i . e . before equi l ib r ium. , P denotes f ina l 
volume of EHTA consumed by the solut ion a f t e r equil ibrium has 
a t t a ined . The r e s u l t s of Kd values are shovm i n Table 10,11. 
Figure UrS p r e s e n t a v a r i a t i o n of log Kd values of d i f ferent 
metal ions as a function of pH of so lu t ions . 
Separation of Cations 
A few syn the t i c binary mixtures were prepared by mixing 
the metal ion s o l u t i o n s . For column opera t ion , 1.5 gm of modi-
f ied Amberlite IRA-400 was used i n g lass column of 0.8 cm 
i n t e r n a l diameter f i t t e d with g lass wool p lug 20 ml mixture of 
metal ions was added to the column and allowed to pass through 
a t a flow r a t e (8-10 drops/min). For separat ion e lu t ion tech-
nique was used. The e lu t i on of metal ions was done with appro-
p r i a t e solvent system a t a constant flow r a t e of 18-20 drops/ 
min throughout the process . 
The e lu t ed metal ion was then determined i n 10 ml f rac -
t ions t i t r i m e t r i c a l l y using a standard EDTA so lu t ion in the 
usual manner. The r e s i i l t s are shown i n Table 12. The e lu t ion 
curves for d i f f e r en t s e t s of separat ions are presented in Figs. 8-12 
The eff luent was monitored q u a l i t a t i v e l y by standard spot t e s t 
(11) to determine the e l u t i c n behaviour and then separate samples 
were analysed quan t i t a t i ve ly by the methods used for the d i s t r i -
bution s tud ie s . 
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RESULTS AND DISCUSSION 
I t has been observed t h a t out of the var ious 
mate r i a l s t r i e d viz S i l i c a ge l , Dowex 50¥x8 and Amberlite 
IR~120 only Alumina and Amberlite IRA-400 gave useful 
r e s u l t s . Bromophenol blue and Bromothymol bliae are i r r e -
vers ib ly adsorbed on Amberlite IRA-AOO (Cl~) r e s in and 
Alumina. After imbit ion of bromothymol blue and Bromophenol 
blue the colour of the r e s in beads changed from yellow to 
dark green and dark bliie r e spec t ive ly . The r e s u l t s of 
Tables 1-9 show t h a t Amberlite r e s in IRA-400 loaded with 
d i f fe ren t che l a t i ng agents r e f l e c t s many p o s s i b i l i t i e s for 
the de tec t ion of ca t ions and anions . Among few chela t ing 
agents t r i e d , Bromophenol blue appears to be the most p r o -
mising fo r the detect ion o'f ca t ions and anions as well as 
for separa t ion of ca t ions . 
Bromophenol blue sorbed on strongly basic anion 
exchanger Amberlite IRA-400 shows i n t e r e s t i n g r e s u l t s with 
ca t ions as well as anions. Thus Fe "^  can be i d e n t i f i e d 
spec i f i ca l l y in the presence of o ther metal ions and t h e i r 
mixture Ni*^, Co*^, Mn*^, Ca*^, Pb"^^ and Cr*^ using Alumina 
modified with Bromophenol blue (Table-1) . 
+2 Pb does not shov/ colour change with Alumina loaded 
vath Bromothymol blue (Table-2) and therefore t h i s t e s t can 
be appl ied for t e s t i n g the p u r i t y of Pb . The contamination 
of o ther metal ions even in t r a c e s gives a colour change. 
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Table - 1 
De tec t ion of Metal i o n s on Alumina l oaded vdth Bromophenol 
b l u e . 
O r i g i n a l colour of t h e r e s i n beads - White 

















Qianges i n c o l o u r 
L i g h t e r p u r p l e 
Dark p u r p l e 
Dark p u r p l e 
Dark p u r p l e 
L i g h t e r p u r p l e 
L i ^ t p u r p l e ( n o change) 
Brovaiish ye l l ow 
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Table -2 
Detection of Metal ions on Alumina loaded vdLth Bro mo thymol 
blue. 
Original colour of the r e s i n beads - White 
Colour of the modified r e s in beads - Light grey 























Fe"*" gives in tense colour and therefore can be 
iden t i f i ed s p e c i f i c a l l y in the presence of o ther metal 
ions using Amberlite IRA-400 modified vdth Bromophenol 
blue (Table-3) . 
Fe and Cr"*" give marked change in colour -with 
bromothymol blue form of the r e s i n and can be iden t i f i ed 
+2 +2 
in a synthe t ic and na tu ra l sample containing Ni , Co , 
Mn*^, Ca*^ an<i P^ "^^ ^ (Table-4) . 
I d e n t i f i c a t i o n and separat ion of Hg*^ and Fe*^ 
from other b iva l en t metal ions can be done (Table-5) on 
Amberlite IRA-400 modified with bromophenol blue. Sepa-
ra t ion and i d e n t i f i c a t i o n of Ho -^ from o ther r a re ear ths 
+2 are poss ib le using t h i s ma te r i a l . Separation of Fe from 
Fe*^, Hg"*" from Hg* and Ag"*" from Hg"*" can a lso be achieved. 
Al*-^ can be s e l e c t i v e l y d i s t ingu ished in the presence of 
Cr*^ and Fe*^. 
Table-7 shows detec t ion l i m i t of metal ions. Sensi-
t i v i t y t e s t (Table-6) revea ls t h a t most of the metal ions 
can be i d e n t i f i e d conveniently even i f these are present i n 
l e s s than ppra l e v e l i n a sample. 
A study of sorpt ion behaviour of anions (Table-8) 
shov/s t ha t Bromophenol blue loaded res in can also be used 
for detect ion of c e r t a i n anions . Thus i t i s possible to 
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Table - 3 
De tec t i on of Metal i o n s on Amber l i t e IRA-400 l oaded vdth 
Broffiophenol b l u e . 
O r i g i n a l co lour of t he r e s i n beads - Yellow 
Colour of the modif ied r e s i n beads - Dark b lue 
S.No. Meta l i o n s Changes i n co lou r 
Dark b lue (no change) 
Dark b lue (no change) 
Dark b lue (no change) 
Dark b lue (no change) 
Dark b lue (no change) 
Dark green 
















Table - k 
Detec t ion of Metal i o n s on Amber l i t e IRA-400 loaded wi th 
Broffiothymol b l u e . 
O r i g i n a l colo i i r of t h e r e s i n beads - Yellow 
Colour of t h e modi f ied r e s i n beads - Dark green 
S.No. Metal i o n s Changes i n co lour 
P a r r o t Green 
Darker green 
P a r r o t green 
Dark greem (no change) 


















Table - 5 
De tec t ion of meta l i o n s on Amber l i t e IRA--400(C1~ and 0H~) 
loaded with Bromophenol b l u e . 
O r i g i n a l Co lour ,o f t h e r e s i n beads - Yellow 



















































Changes i n Colour 
Light b l u e 
Green 
Yellow 














Sensit ivi ty t e s t for Cations 
Original colour of the resin beads - Yellow 













1 0 . 
1 1 . 
1 2 . 
13 . 
14. 
1 5 . 
16 . 
1 7 . 
18 . 
19 . 
2 0 . 




M e t a l 
i o n s 






















C u « 
Hg*2 
Hg*2 
O r i g i n a l 
s o l u t i o n 
(0.01M) 










Changes i n c o l o u r 
d i l u t e d t o D i l u t e d t o DLlu t ed t o 




G r e e n i s h 
y e l l o w 
» » 
Y e l l o w 
Dark b lue 
no c h a n g e ) 
^ 
(no change ) 
G r e e n i s h 
Yel low 
Green 


















Dark b l u e 
L i g h t ^'^° c h a n g e ) 
b l u e 






G r e e n i s h 





















40 t i m e s 
( , 0 0 0 2 9^) 
Green 
Dark b l u e 
(no c h a n g e ) 
Green 
f > 
G r e e n i s h 



















D i l u t e d t o 
50 t i m e s 
(.000125M) 










































2 1 . 
22. 




















Hg+2 or Hg* 
Ag* 
L i m i t of I d e n t i f i c a t i o n ( U g m ) / 
0 .05 ml 
0 .87 
0 .97 






0 . 3 5 
0 .54 
0 , 2 5 
0 . 8 5 
0 .41 
0 , 1 5 
0 .70 
1.28 








De tec t ion of an ions on Amber l i te I R A - ^ 0 loaded wi th Bromophenol 
b l u e . 
O r i g i n a l co lour of r e s i n beads - Yellow 

























S u l p h i t e 
Th iosu lpha te 
N i t r a t e 
N i t r i t e 
Chlor ide 
Chlora te 




l o d a t e 
Bromide 
F l u o r i d e 
S e l e n i t e 
Permaiganate 
Chroma t e 
Dichromate 
F e r r i c y a n i d e 
Ferro cyanide 
Changes i n co lour 
N e u t r a l medium Alka l ine medium 
NaOH(O.IM) 
Dark b lue Dark b lue 
(no change) (no change) 
Black Black 
Dark green Dark green 
* * » » 
Green Green 
Dark b lue Dark b lue 
(no change) (no change) 









d i s t i n g t i i s h between f e r r i c y a n i d e and f e r r o c y a n i d e us ing 
t h i s exchanger beads as a medixom. S e l e c t i v e i d e n t i f i c a t i o n 
of permanganate , d ichromate , chromate and f e r r i c y a n i d e has 
been done i n t h e p re sence o f l a r g e number of o t h e r an ions 
of d i v e r s e n a t u r e v i z s u l p h a t e , s u l p h i t e , n i t r i t e , n i t r a t e , 
c h l o r a t e , t h i o c y a n a t e , molybdate , i o d i d e , i o d a t e , bromide, 
f l u o r i d e and s e l e n i t e . I t i s i n t e r e s t i n g t o n o t e t h a t d i -
chromate and chromate behave d i f f e r e n t l y i n aqueous hydrochlo-
r i c a c i d medium, and t h e r e f o r e they can be d i f f e r e n t i a t e d . 
To check the p r a c t i c a l a p p l i c a b i l i t y of t h e s e methods i n the 
p r e sence o f o t h e r a n i o n s , a p a r t i c u l a r anion h a s been de tec ted 
i n a s y n t h e t i c mix ture of o t h e r a n i o n s . The method has been 
found succes s f i i l . The r e s u l t s a r e given i n T a b l e - 9 . 
F i g . 3 shows the Adsorp t ion i so the rm of Bromophenol 
b lue (BPB) on Amber l i te IRA-400 a t a c o n s t a n t p H - 4 . 3 . I t has 
been found t h a t maximum s o r p t i o n of r e a g e n t i s 1.6x10-^ Mmole/gm. 
The d i s t r i b u t i o n c o e f f i c i e n t s of me ta l i o n s i n biiffer 
s o l u t i o n s o f v a r y i n g pH (Table-10 and f i g u r e s 4-6) show some 
i n t e r e s t i n g r e s u l t s . The i p t a k e of t r i v a l e n t meta l ions Al*^, 
Fe*^ and b i v a l e n t metal i on Hg*^ i n c r e a s e s w i th t h e pH of the 
bixffer s o l u t i o n s . I t i s appa ren t from f i g u r e s 4 -6 t h a t the 
Kd v a l u e s a r e i n gene ra l h i g h e s t a t pH v a l u e s 4 . 6 and 8.0 for 
most of the meta l i o n s s t u d i e d wi th the e x c e p t i o n of Cu"*"^ , Mg"*"^ , 
+2 + +2 
Pb , Li and Sr , This v a r i a t i o n i n Kd v a l u e s may be due to 
d i f f e r e n t complex forming t e n d e n c i e s of t he me ta l i o n s with 
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Table-9 
Treatment of Mixtures of anions with r e s in beads(Amberlite 
IRA-400 in BPB form). 
Original colour of the r e s i n beads - Yellow 
Cblour of modified r e s i n beads ~ Dark blue 
S.No. Mixtures Neutral Alkaline Acidic Result 
medium medium medium Obtained 
1. Su lpha te -Ni t ra te - Dark Dark 
Chlorate-Chromate- ^reen green 
Iodate 
Li ght C3iromate 
green present 
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Bromophenol b l u e . I t i s l i k e l y t h a t t he meta l Bromophenol 
complexes has the maximum s t a b i l i t y a t pH 4 .6 and @.0. The 
uptake of Hg"*"^  i s e x c e p t i o n a l l y h igh a t a l l pH v a l u e s . On 
+2 the b a s i s of t h i s e x c e p t i o n a l behav iour of Hg , i t has 
+2 been p o s s i b l e t o s e p a r a t e Hg from numerous metal ions on 
columns of bromophenol b lue sorbed r e s i n u s ing simple e l u t i n g 
s o l u t i o n s . The r e s u l t s a r e r e p o r t e d i n Table-12 and the 
e l u t i o n p r o f i l e s a r e shown i n F i g s 8~12. These s e p a r a t i o n s 
+2 
can a l s o be u t i l i z e d t o ach ieve s e l e c t i v e i s o l a t i o n of Hg 
from a n a t u r a l sample o r s y n t h e t i c mix ture c o n t a i n i n g a l a r g e 
number of me ta l i o n s e . g . s e p a r a t i o n o f Mercury from I ron and 
Zinc Groi^js or from t h e a l k a l i n e e a r t h s and t h e a l k a l i e s , 
Sepa ra t ion of Mercury from Lead, Copper and Cadmiian. I t i s 
a l so p o s s i b l e t o remove t r a c e s of base m e t a l s l i k e Zinc, Lead 
e t c . v ^ c h a r e u s u a l l y contamina ted wi th commercially a v a i l a b l e 
Mercury. 
The behav iou r of cadmium was found to be e x c e p t i o n a l l y 
d i f f e r e n t from o t h e r metal i o n s i n e t h y l a c e t a t e and a c e t i c 
ac id mixed s o l v e n t system ( T a b l e - 1 l ) . Very h igh K.<i value of 
+2 Cd as compared t o o t h e r meta l i o n s ( F i g . 7 ) r e f l e c t s the 
p o s s i b i l i t y o f s e l e c t i v e s e p a r a t i o n and recovery of t h i s metal 
from a s y n t h e t i c mix ture o r n a t u r a l l y o c c u r i n g sample. Hence 
the columns of t h i s m a t e r i a l can be s u c c e s s f u l l y app l i ed f o r 
the s e p a r a t i o n and i s o l a t i o n of cadmium where i t occurs i n 
small q u a n t i t i e s l i k e z inc o r e s and m i n e r a l s . 
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Table -11 
D i s t r i b u t i o n C o e f f i c i e n t o f v a r i o u s metal i o n s on 
Amberl i te IRA-400 BPB form i n d i f f e r e n t s o l v e n t systems. 
Kd v a l u e s mlg~l 
S.No. Metal I o n s Ethyl acetate+1M 2MmS0-KD. 1M 
Ace t ic Acid Ace t i c Acid 




































2 . 4 
13.6 
75 ,0 
8 . 3 
7 . 5 
1.0 -
8 , 3 
6.7 
9 . 6 
0 . 6 
22 .6 







7 . 5 
0 . 6 
10.6 
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Tab le -12 
Separa t ion of Mercury from o t h e r c a t i o n i c s p e c i e s on Amberlite 
IRA-400 (Bromophenol b lue form) . 
S. Separa t ion Amount Amount % E luen t used 















































































































































Mercury and Cadmium are well known toxic metals . 
In nature these metals occur as t race c o n s t i t u e n t s of many 
minerals , con t inen ta l rocks e t c . Mercury e n t e r s the 
environment mainly through domestic wastes and i n d u s t r i a l 
discharge. Therefore, these separa t ions has the p r a c t i c a l 
u t i l i t y for the removal of Hg ^ from i n d u s t r i a l wastes and 
domestic water discharge. 
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20 40 60 80 100 120 UO 160 180 200 220 240 260 280 300 
AMOUNT APPLIED C ( m M ) X 1 0 ~ ^ 
FIG3: ADSORPTION ISOTHERM OF BROMOPHEMOL BLUE ATAFIXED pH-4.3 
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FIG. 4 : LOG kd VALUES OF METAL IONS IN BUFFER SYSTEM OF 
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FIG.6 : LOG kd V A L U E S OF METAL IONS IN B U F F E R SYSTEM OF 
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FIG.7 : PLOT OF LOG kd VALUES OF METAL IONS IN ETHYL ACETATE AND 
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(a) 
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pH-3.7 2 M HCI 
0 20 UO 60 80 100 120 140 
(b) 
VOLUME OF EFFLUENT ( m l ) 
FIG. 8 SEPARATIONS OF (a )Cd*2 -Hg+2 AND (b) Zn*2_Hg+2 ON COLUMNS 
OF AMBERLITE I R A - 4 0 0 SORBED WITH BROMOPHENOL BLUE. 
COLUMN HEIGHT :6.0Cm 
COLUMN D I A M E T E R : ( i d . ) : 0.8 Cm. 
MESH SIZE : 20 -50 MESH 
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FIG.9 SEPARATIONS OF (a) Mn*2_Hg*2 AND {b)Fe*3-Hg+2 ON COLUMNS 
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FIG.10 SEPARATIONS OF(a)Ba*2-Hg*2 AND (b) Cu*2 _Hg*2 ON COLUMNS 
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FIG.11 SEPARATIONS OF (a) Mg*2-Hg*2 AND (b) Co*2-Hg*2 ON COLUMNS 
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FIG.12 SEPARATIONS OF (a) N i*2-Hg*2 AND(b) Al*3-Hg*2 Of^'tOLllMl^^ 
OFAMBERLITE IRA-400 SORBED WITH BROMOPHENOL BLUE. 
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